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BEE FEEY ZHEY, ZHF

CORBRARNE K2 2% BE, YRBH 110866; 2 h ERMVAV BE AR FCAT, 12724k 1251000

B E. UKL (Cerasus sachalinensis Kom.) 0T A iRIGA R, WFFE T My 234 o) F4HL
RN 2 20 H AR K AN IR OGS G 1 5 . 25 SRR W], (MR LI oL 3% W3 (et A AL L v AR K
PREEDCRG I (PSID) F KGR PR A& it v IR 4 A R R 2 4 RS0 R i U (MDH)
TEHE, AR AR IE S (EMP) FIBEIR IR (PPP) SSHEMETTME; Wik & EIMHIAER, FBIT
PSR ZERR .y i, BRI ENE (IDHD FIRFIR S BRGNS (PFKO TEME. WL H R
M5 T G R MR AL 3 AMERIRIE (0.1, 1.0 F1 10 mmol - L) FIAFIFLEE HIMFI LI A K,
AP o i, (23 PPP SCHER G VE B o MU B0 FR 2K F RIS ST PS T B KOG AL SRR R IR )

SR, HEFEAIRS R, CORRRE (HK. NEIREES (PK) FIBEHRIEES (SDHD 3%,
F#fIk IDH. MDH §i5tE; Bl EE R R IR IE 40T PS I B BRI JEE AN o i) =4 5
PFK. PK. IDH. MDH &% T, HK W4
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Effects of Phenolic Compounds on the Growth and Key Enzymes in
Respiration of Cerasus sachalinensis

LU De-guo', LI Zhi-xia'?, QIN Si-jun"’, and MA Huai-yu'

('College of Horticulture, Shenyang Agricultural University, Shenyang 110866, China; *China Research Institute of
Pomology, Chinese Academy of Agricultural Sciences, Xingcheng, Liaoning 125100, China)

Abstract: Effects of two phenolic compounds (p-hydroxybenzoic acid and coumarin) on growth and
pivotal respiratory indicators were studied using Cerasus sachalinensis Kom. seedlings as materials. The
results showed that the growth of C. sachalinensis seedlings was highly promoted by low concentration of
coumarin, and which also enhanced the PSII maximum photochemical efficiency, respiratory substrate
content, pyruvate content of metabolic intermediates and MDH activity. However, the key enzyme activities
of EMP and PPP were not affected. Coumarin at high concentrations showed inhibitions to seedlings, while
brought the PS I maximum photochemical efficiency, starch contents, IDH activities and PFK activities
down. p-hydroxybenzoic acid and the mixed solution of the two compounds at the 3 testing concentrations

(0.1, 1.0and 10 mmol - L") both restrained seedling growth at certain extent. Contents of citric acid were

reduced and key enzyme activities of PPP were improved. The PS II maximum photochemical efficiency and
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respiratory substrate content were not changed by low concentration of p-hydroxybenzoic acid. However,
pyruvate content, HK, PK, SDH activities were promoted. On the contrary, IDH, MDH activities were
lowered. p-hydroxybenzoic acid at high concentrations showed suppressions on PS II maximum
photochemical efficiency, respiratory substrate contents, respiratory intermediates contents, and PFK, PK,
IDH, MDH activities, but enhancement on HK activity.

Key words: Cerasus sachalinensis; phenolic compounds; respiration; growth; key enzyme

A6 (Cerasus sachalinensis Kom.) J5i =T [E, JE RERIZ 528 ZEETPERE = X ) B HJE
T ARBEIE, EAE BRI 240 5 2 KA 3, AR BRI TRk A . Bk R R, AE
WG AT 1) AR S Iy S S A B T T AEAR DG HE ORI Ry 780, 20005 MG 45, 2011).
VFZECR I, FPRR RN TR BRI bR 3 A - e R I 2R i, A KKk
BHAERINRE B, B )2 BAIEEY, (Ruiz & Romero, 2001; Yu et al., 2003; &0l 45,
2010; Traversa et al., 2010). RACINERRBENE )W 2 RSP (Fil % 5%, 2008) , A[FFE
JEE 155 ) ) Ve IR A R PR AR i A (G 4%, 2009). ATRES H AR BB T Al b,
3 BTy S0 SOt R AL LR ) e AR SO R A R Ta) P R A DG SR AR IR R e, L Ay
T S BN ZR b LR TR AR 1) A FHDTL BRI A o) 32 £ e 3 2 (AL B Ak 3 o

QY ZiE SRS DARE

L1 IR R AL

RIS AE PR BH A K22 TR R L I S 384T . T 2008 4F 1 R4 285 i AR b AR 7 1% 1K
B, IAHEKBE 40 5 R ik e BOgkERE (13emx 15em) 1, FOEHE. &
B TR FEABEAL YL N : pH (7.18 £0.05), HL3% (139.07 +£3.84) uS - em™, HHLR (47.45+0.41)
g ke, BMRE (206.50 £ 10.50) mg - ke, AW (380.82+15.39) mg - kg, FRLNEHN (47143 =
2.88) mg-kg'.

FRgh KA 15 it AR R AT FR BRI, PR AR KA — S 4h 1 T 2008 4E 3 H 29 Hilt
ATy ES AR B o BT FH Y 240 00 15 BT RRAR Bis 20 W it 5 v RS 28 6 8 R R (UL H 327D
MFEGE (LLC R, WERLEBRY 0.1, 1.0 A1 10 mmol - L™, Y30 =% 3 MK RARIR AW

(LH + CER), 9. Sy i b Ol (LESEAET 0.2%) Wik, HHZEm
AR HLRRE 2 P R B, XA AH I, SR 7 S 2808 /K, RRpRBEHE 50 mL, HFR% 1d BedfE 1k, 34
Wo MEELJG 7 d CAER 1 ARHRERS) HEATIPUROCHEFRAR IO, 30 d J5 T EASIRFRITR A,
ANEEEBE 15 W (B EH

1.2 HEXIEIRAYNE

TEAFRARII i R o RO A H0%s 9S8k M e H - Hansateach A F] (1) Handy-PEA
MsEs PEIRJERY CRERIGER) Al R Bt ik, INRIRR & B R 2,4 - ARk
ok, RO (1994) AT A s e R B ) NV ik, % BEAR (2008)
T VEREAT s W OGBS M E 2 I Ling 25 (1996) W71k, & HE 3 K.

R H iR H DPS 7.05 AFHEAT vk b, Al 535 % 7% 5w g H] Duncan’s #i Sk 225007 2
ELILE (P<0.05), EXCEL #AHA1EK .
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2 HiIR 5

21 BEYBEMFEILLENEEREERIZNM

W 1 PR, 52 0.1 mmol - L7 W EEACFE 5 240 T 40k LbE 30 d W4 bk 2501, &
B, 2R E D, 20 LG R 15.92%. 23.33%. 25.64%. 27.33%H1 17.89%; ik i
(10 mmol - L") AbFE G304 T 20 RARBAAR LW, ke, MR ZE B i s A
B35 1.0 mmol - L™ AR IR B 3 0 T 4 (M AIAR & A B0, o AR SR bR G 3 S . RO
2 FR ARG A A 3R B0 1 & A AR R I AN P AR AR AR R, 6 R v AR AR BB R IR s 10
mmol - L™ < J3 b BR R0 4R R KA S HEVE T A, X EAY 5 TR by W 3], xR AR B A
IV B2 1.0 mmol - L7 9P AbBRA G I B3 AR TRk 4R 2B M. 25 R R RTR A4
Wi, HAp AR R A BN A TR IR AR 0], AR S A 2SI AR Y A B R e 2E . X
RERHIRAA R RA G, IR N e AR R, SRS R, =R N
B A oW, B FEX TR W A s A PR, TR R 2R F R R — 35 VR A v
£E 0.1 mmol - L™ (RIS N ER R B Mgt A K, TEfesEfE

F 1 BEEYRLERFALEHERSERNT K

Table 1 Morphological changes of the C. sachalinensis seedlings treated by phenolic compounds

Wb/ (mmol - L) BkiEi/em KMl /em R K/em AR AR E EUREEL7/F ) WA H/g
Treatment Seedling height Stem diameter Root length Number of rootlet Growth of shoot Growth of root
X i Control 13.57+1.14b 0.30+0.03b 12.47 £ 1.40 be 78.00+5.29b 3.11+£0.26b 2.18+0.03b
0.1H 10.70 +0.62 ¢ 0.30+0.02b 1230+ 1.97 be 55.00+4.36 ¢ 2.78 + 0.04 bed 2.19+0.17b
0.1C 1573+ 1.65a 0.37+0.03 a 15.07 £2.38 ab 98.00+6.11a 3.96+0.48a 2.57+0.16 a
0.1 (H+C) 9.97+1.40cd 0.26 +0.01 be 16.20 +0.69 a 29.00 +2.08 de 2.65+0.51 bed 2.13+0.08 b
1.0H 10.53+1.48¢ 0.29+0.03b 13.60 + 1.39 ab 34.00+7.57d 2.35+0.18 de 1.78 £0.04 ¢
10C 13.40+0.87b 0.29+0.02b 12.23 +1.35bc 99.00+11.79 a 3.02+0.40 be 2.12+0.13b
1.0 (H+O) 890+ 1.41cd 0.25+0.01 cd 13.97 £2.89 ab 22.00+2.31 ef 2.00+0.42 ef 1.82+£0.12¢
10H 857+1.22cd 0.21+0.01d 1577+ 1.17 a 18.00+ 1.53 fg 2.42+0.25 cde 1.63£0.10¢
10C 13.27+0.32b 0.23+0.03 cd 9.53+1.29¢ 55.00+4.36 ¢ 2.74 +0.16 bed 1.68 £0.14 ¢
10 (H+C) 8.10+1.15d 0.23+0.02 cd 12.33 £ 0.59 be 9.00+1.53 g 1.65+0.28 f 1.79+0.14 ¢

E: H, WREEFR; C, FER.

Note: H, p-hydroxybenzoic acid; C, coumarin.

22 MERXHASH I M H oc  mHHC
Ty et A AC LS T Fo/Fr HISZHR I 0.845 | a
1 iR L 0840 | .
AN TR A 2 L O FR R RN 75 7 28 b B i v =035 | 7 gl o
F FolFo WA, 0.1 F1 1.0 mmol - L & 0.830 | aE
FACBL Iy FolFo IR FF S5, SRR IR HR 0.825 |
TR GV RN AR B T A 5% A R I A 0820 - - o i
FJ/Fn B3 T, HBEEWRBERSE M, TR B3 JHR / (mmol - L)
REH Phenolic compounds
AT R IE A dly RE  aaT
T M2 B)EEE , X PS T s R AR Cadds i Fig.1 F,/Fu changes of C. sachalinensis seedlings treated

T ﬁ& jﬁ: . by p-hydroxybenzoic acid (H) and coumarin (C)
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s
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2.3 MEIRACH Y

W 2 fis, AAbIABRL AR R b fek & B T Al R, v MRS AL 0.1 mmol - L7 1
T HLFEALFEAN 10 mmol - L7 (IR AV AL ) 59 L X FE T 78.97% R[4 1IK 41.92%, AL EEE) 5
X TC S 22 o Ty A BN 5 B (K S M e B W Bk, 0.1 A1 1.0 mmol - L (R & Ab
AR SR A, THEIEEE Ak 31.48%F1 17.06%; 0.1 mmol - L™ [R5 2K Y g b 1 G
FAME; LRI R S R BB, T, 9 FALEE UK IR S E RS E Y S R
HHER, oA Ab 38 5 R FH sl AN I 4

5 O ## Sucrose W 74} Starch
= a
‘5 a
- % 4
o~ w3 C
~ g
s be 2 < o . c o
S
= 3
BE 2 be
= o be| b
= ° be bg] © be b
22 £ o
0
=
<
oo

X fdControl 0.1H  0.1C 0.1QI+C) L.OH 1.0C H+C 10H  10C 10QL+C)
Pt 2 )5 A BT 9K 1% / (mmol - L)

Treatments of phenolic compounds

B2 MREFPER (H) FFER (O LERFRILLEHERATRENSENTL
Fig.2 Changes of respiratory substrates of C. sachalinensis roots treated by

p-hydroxybenzoic acid (H) and coumarin (C)

2.4 FEIRAKH B =)

SFRFERFEE 0.1 mmol - L WAL FIE IR &R T IR & 32 96.59%, 7B MR & i BRAK
29.46%; 1.0 1 10 mmol - L™ W& FNWME A M S B BE TR (K 3). HF5EK 0.1
mmol - L™ b FIAH N RIS & 8 W5 e mah, HAR A F T 5 R B2, oI, KRR
FER RN & R AL PR s I R S B, e TR R R O T 3 Ah 3 368 ol PP P ) = A 2>

45 r

~ a b —~ 10 ¢ a
E 4.0 + & = ol ab E
o 35 ]—F & 8 ]—E b
.- b 7
|5} L JEIN L
@ 2 3.0 g § i ¢
X 825 ¢ c Eg 6 ¢ c
B 290 | c <3 5+t
@5 W2 gl
@ 215 | 4 =
=, d £ 3|
E S 10 L d 8o ol
0.5 i 1+
0 . 0
MM 01H 1.0H 10H 01C 1.0C 10C I 01H 1.0H 10H 0.1C 1.0C 10C
Control Control
B 24y S5 b B 3K / (ol - 1) B2 b B R 3 2/ (mmol - 1)
Treatments of phenolic compounds Treatments of phenolic compounds

3 MEEFFR (H) MFER (O SEIIFRILLBLEIR R RS - 8 =R
Fig.3 Effects of p-hydroxybenzoic acid (H) and coumarin (C) on respirarory metabolic intermediates of

C. sachalinensis seedlings under different concentrations
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2.5 FREIRMKIEH XHEEE

X FRFEOR R ANA R BE ST, ARG L4 AR 2R PR (1) DB e M A AR AN R AR ke ] 4 7T
A1, XTI AP ) EMP SCHERFLL PR S PES R, HK GEPERAR. 3 N A5 R IE 2K A IR Ak B
HK 354 525 T, 0 ) e IR 8 81.25%. 37.50%F1 31.25%; 0.1 mmol - L™ R JE T ik fig b 3%
$m PK EIA, {H 1.0 110 mmol - L ¥ AL ¥{d PFK M1 PK & P4 B35 PR . 7 O AL BIAAE
10 mmol - L™ 9K 8 FREAR T PEK 3, HAv b3y 5 IR B3 2 .

m CHERNE HK O SREAUMERE PFK W NERMRHNG PK

EMP pathway

EMP X R/
(umol - min™- g'FW)
Key enzyme activities of

XA 0.1H 1.0H 10H 0.1C 1.0C 10C
Control
T 5 R A B R ¥R B2/ (mmol - L)

Treatments of phenolic compounds

B 4 BEXRR D MFTER (O LERFLLUEHERAFRBEEXRIEEENTL
Fig. 4 Key enzyme activities of EMP pathway in C. sachalinensis seedling roots treated by p-hydroxybenzoic

acid (H) and coumarin (C) under different concentrations

TCA 1247 e =% MDH 35k i, WK 5. FE ARG, R FrE AE IDH 51
EbG) IR 35 A, (H MDH (1) s PEAE I 5 it LA PR 2K IR AL 3 5, MDH 1% 14 52 21 &l 25 41
L IR RSB HMRIE FA &, 20 0) EE T T PRAIG 32.43% 43.24%7F11 54.05%, . MDH Y IDH %1
FERHE U E TCA LB N, SDH G AR BEXHR IR H R A B A BT s, JLAR b2 6
WAk, AR e TCA 847 J7 ) R ANE = B EH

I SRR RS IDH O SERBBERE MDH B JRIRR R &R SDH

1.4
a
ot 12 |
52 &
;HEE:DZE 510 ¢
@ 55
§§ 83 08¢
KEE< o6
<3 aF
&) 5}
& g B 04
v
0.2 b
0
pagi] 0.1H 1.0H 10H 0.1C 1.0C 10C
Control

B2 A B R R S/ (mmol - L)

Treatments of phenolic compounds

5 FRREWNPREXFHER (H) MBFEER (O LABREFRILUBHERARSHERFEREEFTENTL
Fig. 5 Key enzyme activities of TCA pathway in C. sachalinensis seedling roots treated by p-hydroxybenzoic

acid (H) and coumarin (C) under different concentrations

w6 fros, FERTE PPP IR A A B - 6 - BEIRIARE (G-6-PDH) G TER & 3 MNMRIER
KRR IRALEL S, G-6-PDH 5 6 - IR - Fi A& PR Al (6-G-PDH) v ¥ &3 LT, 439
ot 3 1w 68.18%- 81.82%- 77.27%H11 44.44%. 38.89%. 33.33%, —#IL[AE5h PPP [ K EiafT;
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AN[EIRE B G FE AL S, PPP SCHEMEGE VLG 0 2 Ak, RFE S 6 BRI 1) 1E KT, X R
G-6-PDH F1 6-G-PDH i 1 3 18 0 B 57 32 Ab B s W AR
W %R SIS G-6-PDH O 6-R§H- A5 HERR b 086 6-G-PDH

12
a
g‘g 10 +
-2 2
HEE 5 08 ¢
i ODE g b a a a b
2223 06 2 b b b
®E s b b
Ko 2a 04 ¢
& T dA
o i o
S 0.2
)
0 L
X8 0.1H 1.0H 10H 0.1C 1.0C 10C

Control
T 5 R A B R ¥R B2/ (mmol - L)

Treatments of phenolic compounds

6 MPBEAXHRE (H) AFEXR (O LEEFIELBHHRABREEEEXAREHTENTR
Fig. 6 Key enzyme activities of PPP pathway in C. sachalinensis seedling roots treated by p-hydroxybenzoic acid (H)

and coumarin (C) under different concentrations

3 e

Wy R A E R T2, T AN /K T2 2 A b, S ml s s A5, nsg
W 4 fu i 1 (Baziramakenga et al., 1995), HHIIR RAMA L1010 (Kaur et al., 2005), TPl
WG (Orji & Ogwude, 2009), M2 . DNA fil RNA /KF2% (Rice, 1984; Sestilietal., 2002).
oy 25 R R A K S M R0 K 22 M IAE ] (Kaur et al., 2005; Zanardo et al., 2009) ZifEKAE
RN, (ZEREFR 45, 20100, FLAE AR BERIDIFIE . M4k & 4Bl R b B9 AN [R] 177 5% Landete
25 (2008) MBHHERE 23 B2 T 9 FIEYRMII, R BLAE SRR AR EE T A BORIBAE T, R A ER K
JEANK 100 mmol - L™ DA_F BIMHRRE f R A K, FAS RIS 5 A S PEAS TR o« ASHIFST Hh i b 1y
FWFARIBRL 1) R A5 SRR FE TR, /E RN 3 MRERZ g e/, 1 10
mmol - L™ ¥ 8 A MR RS A A, R L TR U7 3 AN AR FRVR R M AR Ak AR K,
JEAE IR /N T T 3. IR 2 Rl RS TR IR PRI W, 75 & 59O IR I T
B, PO ) AT R T v b s AR S AR I A A E T SRR = 18, 2000).

Ty K J5 5% WK A WP 8 A P 2 HAR IRV E I I 8 07 2 — . Balke (1985) BRI 2R BiAAK BV i (14
SRR, A TR R P AT B R 7 S I S R A PR PR A 3 R S A B R it
Fio Abrahim 45 (2003) ik SEAL B T TR PR 4 AL Bt A ol TR A A RS TR L B Pl 4% 326
Einhellig %% (1993) 4]0, w3 HE 2 20 i 32 S008I i 2 B v BEL L b R KRR o i b A
R by ¢ HEEEZ IR TFIMEE. Pefiuclas 25 (1996) F5H, PURFREMY M) 0] FRAG K
R RE S RE, R T T AR R iR AR T Hejl (1993) WFFTREE, W FRIEIE R AE
% A O O SRR T (NADHD [R5 Ak, A I8 Tt R A 2 R AT IR A R 1 40 o 2 1 Jek
TEREZEINELZ —. ZEES (2009) BFFURIL, W FRFR AN o 355 i AR b LM 4 i
TR, RIS XCE 1E i # ok R FR R IE AP IR A2 1 43 i S 5 e v 1) v 1A 8y
I B T A A D (AR ARG R P88 Kb B AN 0 A TP WS 3 44 T v 94 B AL B 40 i €5 3R 0 12 (CP) [ A0 %%
AR (AP Fitk o ARG R B 4 T 5% 00 P S SRR 40 0.1 mimol - L7 S FR 4% Y g Ak 11
B T EMP S8 EEH HK M PK & YE, 1 1.0 A1 10 mmol - L™ &P 4R 5 HK i% PEH 44K T PFK
M PK &P, &G ZAHAE 10 mmol - L myk % N FRAK PR i 1E, oA AL FRIY 5550 R 3% 22 57
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X VR BT 2 JTONS 25 b (A4 B P& A3 AT L T T 9 46 SR AR . TR BE, W FRdE
KGR H S, MDH WEPESZ 3 B, B MDH 5 IDH 32 SRR TCA el ~ B, B
PEXHR LR R AL R () TCA IBAT LLBIR/D s Fr 0 FZALFL TCA & EET AR ALt 34 o) i A —
B, WAL, TCA W ETRA. T (20000 F5H, AHY IR A S5 2w A IUE— &
BIEEHIAE T B 5 84 20 R R T RE TR IO A o DRTEHEDT, W2 A 31 )5 ZR b LA 4 1 I ek
SRR 34 42 (1) B4 2% 1] R 2% T I S e Bl T v 0 28 4

TR A LR AR I B B 3 B2 R A = JRIRAG PR b, Tk TCA A S E M 1 e A P HLIR
PIAC, SF SRIR  SU E ke T AR5 2 /E H (Douce & Neuburger, 1989) . Abenavoli 5 (2003)
RIL, 50 pmol - L™ 7 & 22 AbFR IR B T4 920 R b 8 IS o AT 28 W R SR (0 R T AR S R R
R TR 5 RS A0 i PR 357 29 S R A R R SR o ASHIF IR B 7 7 38 T 8 4 o 17 DR IR e ) ml s P
TR BT A R r 1) P R R 7 o, 1T X R IR P R A B WP SR JE R, (R R T R
BT AR R, RV R A B E R . B 7% T By Tt P DG i 1) 53 i
Abenavoli 25 (2003) A il4RiE, 50 umol - L' FH ZAFIE T GS. GDH Ml G-6-PDH %1, 141
7 MDH &, WUREMYZ R, [l T A RE . AP R R IRAHE 5, G-6-PDH
A1 6-G-PDH 5 ME38 Ty,  FLAEBEE PPP LL@IARE N, B DIEse TR WA — BB i
AVERIAL i vl B fE i | (Einhellig, 1995), FPUREGERAERE EorAi. PRIk, By2RWmont AR A6 L AR
AR 1R 5% 0 B AT 1] B R R SR i o 03 M 1k e e v 1 K, AR XS IR o i) = R eG4
AT PR M W OR AR R IOE R, R R I SRR AR K P A5 . By i % BLAT (R AR
F, R AR R PR FH S 5 TR RAH DG SR 5 >, BTk FERR A S B, A e gi &
P A 77 Hp A RS S )RR N LR LR, A s A BRI A i e S R AR
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